Herniated thoracic discs are relatively common but rarely require operation. Based on large studies examining radiographic and postmortem studies, the incidence of asymptomatic thoracic disc herniations is 10 to 37%. 3, 7, 31, 32, 38, 44, 46 Despite the high prevalence of thoracic disc herniations in the general population, they are rarely symptomatic, and of all operations for disc herniations only 2% are performed in the thoracic spine
Between 1982 and 1992, 20 patients underwent transpedicular thoracic disc excision. This approach was used exclusively in all patients with symptomatic herniated thoracic discs. The median patient age was 47 years (range 25-79 years); there were 10 men and 10 women. Fourteen patients had myelopathy and six radiculopathy. Precipitating events were identified in 13 patients and included falls (three cases), sports-related activity (three cases), heavy lifting (three cases), twisting motion (one case), and the result of being placed in lithotomy position for a gynecological procedure (one case). Neuroimaging studies included computerized tomography myelography in four patients, magnetic resonance imaging in 10, or both in six.
Surgical Procedure
The patient is placed in the prone position on radiolucent lateral chest supports. Prior to making the skin incision, the disc level is identified using fluoroscopy in both anteroposterior and lateral projections. An estimation of the vertebral level can be achieved by counting from the 12th rib, which is readily identified in most patients. A midline linear skin incision is made, extending approximately 4 cm over the spinous processes at the levels adjacent to the disc herniation. The paraspinous muscles are reflected to expose the medial portion of the transverse processes and facet joint at these levels. Intraoperative Object. Patients with symptomatic herniated thoracic discs may require operation for intractable radiculopathy or functionally disabling myelopathy. In the past, laminectomy was the procedure of choice for the treatment of thoracic herniations, but it was found that the approach was associated with an unacceptably high rate of neurological morbidity. Several strategies have been developed to excise the disc without manipulating the spinal cord. The focus of this paper is the transpedicular approach.
Methods. The author retrospectively reviewed the cases of 20 consecutive patients presenting with herniated thoracic discs in whom surgery was performed via a transpedicular approach. Fourteen patients presented with acute myelopathy and six with radiculopathy. Of those with myelopathy six of six regained ambulation and six of seven regained normal bladder function. No patient with myelopathy experienced neurological worsening. In four patients presenting with radiculopathy postoperative pain resolved, and in two it remained unchanged. Three minor complications (15%) occurred. No patient suffered postoperative spinal instability-related pain or delayed kyphosis.
Conclusions. As experience accumulates in the use of multiple approaches for the treatment of thoracic disc herniations, the role of each is becoming more clearly defined. The transpedicular approach is most applicable to lateral or centrolateral calcified or soft discs. The more anterior (transthoracic or thoracoscopic) and lateral (costotransversectomy or lateral extracavitary) approaches may be more useful for excision of central calcified discs.
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In a patient with a herniated T8-9 disc, the T-9 pedicle is located adjacent to the disc space. Similar to those in the lumbar spine, the thoracic pedicles are identified by the intersection of the pars interarticularis, transverse process, and lamina ( Fig. 1 left) . The central cancellous bone of the pedicle (T-9) is removed using a high-speed drill with a side-cutting burr. By using the M-8 burr on the Midas rex drill (Midas, Fort Worth, TX), it has not been necessary to change bits from a cutting to a diamond burr. 4 The depth of the pedicle resection is established by the transition from the cancellous bone of the pedicle to the posterior cortical bone of the vertebral body ( Fig. 1 center) . Once the depth of the resection is established, the cortical bone adjacent to the spinal canal is removed using small downbiting curettes. The drill is used to achieve partial superior and inferior facetectomies. The lateral and inferior cortices of the pedicle and lateral facet joints do not need to be resected for adequate exposure. Partial or complete laminectomy is performed if there is significant canal stenosis and/or a large central calcified disc is present. The M-8 burr is used to drill the lamina to the ligamentum flavum, which is resected using tenotomy scissors. A large Kerrison punch should not be used because of the high risk of spinal cord injury.
At the level of the spinal canal, the nerve root is adjacent to the superior pedicle (T-8) and does not need to be retracted. The lateral disc space is incised, and a large cavity is created in the disc space by using curettes and pituitary rongeurs, working in a lateral to medial direction beneath the spinal dura. The disc fragments causing the spinal cord compression are removed using down-biting curettes (Fig. 1 right) . The fragments may often be distinguished from normal disc because of their calcification and firmness. Following decompression, right-angle probes and Penfield No. 4 are used to confirm the complete removal of the disc fragments. In performing this transpedicular procedure, intradural fragments have been removed via a transdural or epidural approach.
RESULTS
The results from the clinical series at New York Hospital have been previously published. 4 Disc herniations were seen throughout the thoracic spine, most commonly at T8-9 (five patients) and T11-12 (four patients). Surgery revealed 10 calcified discs, and two patients underwent successful removal of intradural fragments.
In 14 patients (70%) surgery was performed to resolve myelopathy and in six to treat radiculopathy. Of patients with myelopathy, classic Brown-Séquard syndromes were present in six, transverse spinal cord syndromes in two, and significant symptoms of conus medullaris compression in two. Of six patients who were nonambulatory or ambulatory with assistance preoperatively, all regained independent ambulation postoperatively. Six of seven patients presenting with neurogenic bladders improved postoperatively. One patient with a large central disc herniation experienced transient neurological worsening but regained normal neurological function.
Patients with radiculopathy did not improve as much as those with myelopathy. Four patients improved: two experienced complete resolution of pain and two experienced improved pain relief. The remaining two patients with radiculopathy suffered persistent pain. In one patient repeated neuroimaging demonstrated incomplete disc excision, but the patient declined reoperation.
No patient suffered postoperative instability-related pain. One patient underwent anterior fixation in which polymethylmethacrylate and Steinmann pins were used. Postoperative kyphosis or recurrent disc herniation was not demonstrated in any patient. Complications included Staphylococcus aureus deep wound infection (one case), asymptomatic pseudomeningocele (one case), and transient neurological worsening (one case).
DISCUSSION
Whereas incidental thoracic disc herniations are common, symptomatic ones are rare. Wood, et.al., 46 prospectively followed 20 patients with 48 thoracic disc herniations; they performed serial magnetic resonance imaging studies and clinical follow-up examinations. All patients remained asymptomatic during a median follow-up period of 26 months. Twenty-one disc herniations were small (0-10% canal compromise), 20 medium (10-20% canal compromise), and seven large (Ͼ 20% canal compromise). Of the 41 small-or medium-sized disc herniations, 37 remained the same or decreased in size and four increased in size. Of the seven large-sized herniations, three remained stable and four decreased in size. Because the great majority of thoracic disc herniations remained stable or decreased in size and because no clinical symptoms developed over time, it is difficult to recommend prophylactic surgery for patients with asymptomatic disc herniations. 5, 45 No predictors currently exist to indicate which patients with incidentally discovered disc herniations will develop symptoms.
Symptomatic disc herniations are often treated surgically. In a review of ten surgical series (238 patients), 5, 6, 12, 15, 23, 26, 27, 39, 40, 43 we found that the indications for operation were myelopathy in 70% of cases, intractable radiculopathy in 24% of cases, and back pain in 6% of cases. These data are similar to those demonstrated in the present series in which 70% of patients underwent surgery for myelopathy and 30% for radiculopathy. Asymptomatic myelopathy may be observed, but the surgeon should maintain a low threshold to operate for progressive symptoms or myelopathy with functional impairment. 42 Neurological outcomes in series in which the transpedicular approach is used are very similar to those obtained using the anterior and lateral approaches. There have been four reported series (Table 1) in which excision of all thoracic disc herniations was performed via a transpedicular approach 4, 23, 24, 33 and several series in which it has been used for specific indications. 15, 36, 41 The transpedicular approach is useful for lateral or centrolateral disc herniations with either a soft or calcified consistency. The transpedicular approach can also be used for central calcified discs, but an anterior or lateral approach improves exposure of the anterior dura mater. In a strictly transpedicular approach, it is difficult to resect a central calcified disc because the dura mater and spinal cord are draped over the mass and disc excision requires manipulation of the spinal dura for exposure. Additionally, the central discs are often adherent to the anterior dura or are intradural, 9 ,47 making dissection difficult. We have changed our approach to central calcified disc herniations; we currently use a transthoracic approach. Although there is a steep learning curve associated with disc excision thoracoscopy, the excellent visualization provided by the endoscope and potential reduction in morbidity may make this the approach of choice for central disc herniations. 10, 20 The transfacet pedicle-sparing approach is an excellent posterior approach for lateral soft-disc herniations, as described by Stillerman, et al. 41, 42 Maintaining the pedicle and limiting soft-tissue dissection is thought to improve postoperative spinal stability and reduce back pain. In a review of the series in which the transpedicular approach was used, we did not find any cases of spinal instabilityrelated pain or delayed development of kyphosis. Additionally, the transpedicular approach seemingly provides more space in which to manipulate instruments from a lateral direction and may improve centrolateral disc excision.
In our series complications occurred in 15% of cases, all of which are considered minor. 4 Of the 78 patients reported to have undergone transpedicular disc excision in the literature, 4, 23, 24, 33 there were two major complications (6%) (paraplegia and discitis) and no additional minor complications. The transpedicular approach avoids the need for extensive muscle dissection, single lung ventilation, and chest tube placement as well as atelectasis associated with the anterior and lateral approaches. Additionally major complications associated with the anterior or lateral approach range from 4 to 13%. These include permanent neurological worsening and discitis. 
CONCLUSIONS
The transpedicular approach is useful for excision of lateral or centrolateral thoracic disc herniations, regardless of whether they are calcified or soft. Central calcified discs may best be approached via an anterior or lateral approach that provides superior exposure to the anterior dura. Complication rates are acceptable, but there is a risk of neurological worsening with all of these approaches.
Great diligence in avoiding application of pressure to the spinal cord as well as the complete excision of all disc material have reduced the rate of neurological morbidity associated with laminectomy.
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Transpedical approach to thoracic discs
